Introduction {#Sec1}
============

The coronavirus disease 2019 (COVID-19) pandemic is a viral infection that mainly affects the respiratory tract \[[@CR24]\]. It can also cause multiple inflammatory reactions with a wide range of clinical manifestations in different organs \[[@CR23]\]. The vascular complications after infection with this virus have been reported, but the possible association with cerebrovascular consequences, particularly intracranial hemorrhages, is still under debate \[[@CR11], [@CR16]\]. There are rare case reports of adult patients (the youngest was a 31-year-old male, other patients over 60 years old) with COVID-19 infection and ruptured cerebral aneurysm with subarachnoid hemorrhage \[[@CR1], [@CR16], [@CR19]\]. The authors assumed that these conditions could be causally linked. However, preceding information from the severe acute respiratory syndrome (SARS) epidemic in 2003 proposed a higher incidence of stroke \[[@CR3], [@CR14], [@CR21]\]. Besides, some other viruses are associated with cerebral aneurysmal arteriopathy, such as human immunodeficiency virus (HIV), varicella zoster virus, cytomegalovirus, hepatitis C virus, and parvovirus B-19 \[[@CR4], [@CR13]\]. It is proposed that one-third of all vasculopathy conditions are caused by infectious vasculitis of medium and large intracranial vessels \[[@CR13]\].

In this paper, we present an adolescent girl with COVID-19 infection, who developed an intracerebral hematoma due to cerebral pseudoaneurysm rupture. We speculate that the formation and the rupture of cerebral pseudoaneurysm could be linked to COVID-19 infection.

Case presentation {#Sec2}
=================

A 13-year-old Syrian girl, previously healthy, was admitted to the emergency department after a sudden loss of consciousness that was followed by the development of right-side weakness. At the time of admission, the Glasgow coma score (GCS) was 12. She was opening eye spontaneously, obeying commands, and only moaning. The motor power of the right limbs was 0 out of 5. Urgent non-enhanced computed tomography (CT) of the brain revealed a large left-side frontoparietal intracerebral hematoma with an intraventricular extension and a midline shift of 5 mm to the contralateral side (Fig. [1](#Fig1){ref-type="fig"}). At this point, computed tomography angiography (CTA) of the cerebral arteries was conducted, and it showed a pseudoaneurysm of the frontoparietal branch of the left middle cerebral artery (MCA) in the M2 segment. Laboratory analyses were normal, except elevated leukocytes (20.6 × 10^9^/L), with low lymphocytes (12%), low hemoglobin level (10.6 g/dL), and slightly elevated lactate dehydrogenase (432 U/L).Fig. 1Different cuts of computed tomography (CT) brain revealed a large left-side frontoparietal intracerebral hematoma with an intraventricular extension and a midline shift of 5 mm to the contralateral side

Shortly after performing the radiological images, her conscious level was deteriorated. She had been directly intubated and sedated. At that moment, she was shifted to the national neurosurgical center in Kuwait. On admission, the clinical assessment showed that her GCS is seven. Particularly, she was localizing to painful stimuli, but without any verbal or eye responses. The girl was moved to cerebral digital subtraction angiography (DSA) room. The angiography **(**Fig. [2](#Fig2){ref-type="fig"}**)** demonstrated the left MCA trifurcation. Besides, it confirmed the left MCA pseudoaneurysm of the M2 segment, measuring 8 × 7 mm, with a base of 2.3 mm, and a partial thrombosis. DSA also revealed the dissection of the left M2 segment (length of 3 cm).Fig. 2Cerebral digital subtraction angiography (DSA) images demonstrated the left middle cerebral artery pseudoaneurysm of the M2 segment

The unusual presentation of the pseudoaneurysm in an adolescent without any previous traumatic history pushed the neurosurgery team to consider vasculitis due to infection as the etiology. With this in mind and the current pandemic, a nasopharyngeal swab of COVID-19 was taken despite that the patient had no infectious symptoms. On the same day of admission, the decision was to emergently proceed with left frontotemporal craniotomy. We have evacuated the hematoma with trapping the pseudoaneurysm and scarifying the carrying artery **(**Fig. [3](#Fig3){ref-type="fig"}**)**. Postoperative CT brain scan revealed the removal of the clot with a small remnant and without any acute ischemia or rebleeding. Additionally, a new CTA showed the exclusion of the aneurysm from the circulation. Moreover, a right frontal external ventricular drain was inserted 1 day after the primary operation.Fig. 3Intraoperative microscopic image is showing the pseudoaneurysm of the M2 segment of the left middle cerebral artery. Besides, the dissection is shown along the length of the affected artery

After surgery, the patient was much improved. Therefore, she was extubated after the improvement. Straight away, we received the positive result of the polymerase chain reaction (PCR) of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). As a rule, she was transferred to a specialized COVID-19 hospital. At that hospital, the patient was isolated in the Intensive Care Unit, and she received the appropriate management. The girl was daily followed by a neurosurgeon. Three days after surgery, the level of consciousness dropped again to GCS of eight so that she was re-intubated. Urgent CT brain on that occasion illustrated the stationary course with slight left-sided brain edema. During the course of hospitalization, she was consistently afebrile. Several follow-up chest X-rays (CXR) showed no pulmonary pathology in the meanwhile.

Ten days after surgery, the patient developed a new onset of high-grade fever. New laboratory results were as follows: WBCs (18.5 × 10^9^/L) with lymphopenia, C-reactive protein (132) mg/L, LDH (458 U/L), and D-Dimer (2032 ng/ml). A new CXR showed left apical pulmonary atelectasis. A series of chest radiographs showed progression of the respiratory disease until acute respiratory distress syndrome (ARDS) was confirmed (Fig. [4](#Fig4){ref-type="fig"}). On postoperative day 14, the nasopharyngeal PCR test was still positive for SARS-CoV-2. A new follow-up CT brain scan showed hypodensity at the site of hemorrhagic stroke, resorption of blood from lateral ventricles, and decrease of brain edema (Fig. [5](#Fig5){ref-type="fig"}). Furthermore, abdominal ultrasound showed hepatomegaly, splenomegaly with splenic infarction, bilateral nephropathy changes, and ascites. The patient has been in a very critical clinical status due to brain damage as well as ARDS consequences. She was still intubated, on a mechanical ventilator with continuous high-grade fever. Neurological assessment unfolds the very poor prognosis with GCS of four.Fig. 4CXR showed the progression of the respiratory diseaseFig. 5Postoperative non-enhanced axial CT brain (10 days after the surgery)

Discussion {#Sec3}
==========

As far as we know, this is the first reported case of an adolescent with ruptured cerebral pseudoaneurysm as the initial presentation of COVID-19 infection. There are only rare case reports of a ruptured cerebral aneurysm in adults with this infection; the youngest was 31 years old \[[@CR1], [@CR16], [@CR19]\]. Furthermore, a retrospective study of COVID-19 patients with acute cerebrovascular pathologies was published \[[@CR20]\]. The total sample size of that study was 22 patients with mean age 59.5 ± 16.0 years (54.4% females), among them three cases of aneurysm rupture (majority had an acute ischemic stroke and two patients had cerebral sinus thrombosis). These authors investigated the association of COVID-19 and neurological manifestations (including stroke) and reported that despite timely intervention and favorable reperfusion, the mortality rate in COVID-19 patients with large-vessel occlusion was high \[[@CR20]\]. Another condition with meningoencephalitis due to SARS-Cov-2 was complicated by right frontal intracerebral hematoma with subarachnoid hemorrhage \[[@CR2]\]. However, the CTA was negative for any vascular malformation or aneurysm in that case \[[@CR2]\]. The SARS-CoV-2 virus was not detected by PCR in the cerebrospinal fluid (CSF) of patients with ruptured cerebral aneurysms \[[@CR1], [@CR16]\]. On the other hand, the SARS-CoV genome was identified in the CSF sample of a reported case with SARS in 2003 \[[@CR12]\].

The exact pathophysiological mechanisms of the formation of cerebral aneurysms or pseudoaneurysms remain controversial. The intracranial blood vessels are thinner than extracranial. Nevertheless, these vessels have less elasticity in the tunica media and adventitia \[[@CR9], [@CR22]\]. Systemic inflammation is known to cause arterial injury including the breakdown of collagen and permeability of the blood-brain barrier. The inflammatory cytokines may increase the risk of hemorrhagic stroke by weakening the cerebral vessels \[[@CR15]\]. The cytokine release syndrome is described during the coronavirus infection \[[@CR18]\]. The destruction of the blood vessels could be explained by the direct insult to the artery by the viral infection or through the release of the inflammatory cytokines \[[@CR5], [@CR15], [@CR16]\]. Furthermore, the angiotensin-converting-enzyme-2 (ACE-2) receptors are highly expressed in the endothelial cells of the arteries \[[@CR8], [@CR10], [@CR26]\]. The earlier biological researches about this pandemic identified that SARS-COV-2 invades the host cells by attaching to ACE-2 receptors \[[@CR7]\]. A recently reported case also supported the association between the novel coronavirus and cerebral vasculitis \[[@CR11]\]. The intracranial vessels are vulnerable, and any significant damage can increase the incidence of a brain hemorrhage.

The assumption that some infections can rapidly induce the formation of cerebral pseudoaneurysm or the rupture of an already existing defect is yet unknown. Even though cerebral pseudoaneurysm formation is rare in the absence of trauma, mycotic infections can predispose to pseudoaneurysm \[[@CR17]\]. COVID-19 infection was asymptomatic in our patient at the time of presentation. As a consequence of the infection, a multisystem inflammatory syndrome or the direct damage by the virus has resulted in severe brain hemorrhage attributable to the ruptured pseudoaneurysm. The possibility of the rupture of already existing pseudoaneurysm could not be excluded. However, the association between viral infection and mycotic pseudoaneurysm should be considered \[[@CR6]\]. A systematic review showed that the most common HIV-associated cerebral pseudoaneurysms were found in MCA \[[@CR4]\]. Similarly, our patient had the pseudoaneurysm in the left MCA. Hemorrhages because of pseudoaneurysm rupture are typically followed by high-rate morbidity and mortality \[[@CR25]\].

Conclusion {#Sec4}
==========

The full impact of COVID-19 infection on the vascular system is still unclear. Cytokine release syndrome has been identified as a COVID-19-related condition. We consider that it is relevant to draw attention to the possibility of a link between this infection and cerebral pseudoaneurysm formation and/or rupture, especially in adolescents. Epidemiological and clinical studies are required to demonstrate that pseudoaneurysm can be developed as an early sign of SARS-CoV-2.

This article is part of the Topical Collection on *Vascular Neurosurgery - Other*

**Publisher's note**

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

The authors declare that they have no conflict of interest.

An informed consent about the case report was taken from the parents.
